Lesions of the small intramural vessels in the colon have been shown to be a cause of colonic ischaemia. ' There is histological evidence of small vessel disease in some cases of ulcerative colitis and Crohn's disease,2 3 but the functional significance of the vascular changes in these conditions is uncertain. It is possible that ischaemia may play a part in the pathogenesis of inflammatory bowel disease. The purpose of the present study was to investigate the intestinal microvasculature in non-specific inflammatory bowel disease.
Methods SPECIMENS INVESTIGATED
Normal bowel from 44 patients who underwent resection for colorectal carcinoma was examined; as normal bowel was always removed with the pathological bowel, (mean age 65-7 years range 11-82). The specimens of seven patients with ulcerative colitis (mean age 48 8 years range 26-88), six with diffuse Crohn's disease of the colon (mean age 34-3 years range 21-55), 11 with segmental Crohn's disease of the terminal ileum or colon (mean age 50 9 years range Crohn's disease were also studied. The diagnoses of ulcerative colitis and Crohn's disease were confirmed histologically in material from the resected specimens using conventional criteria.4
METHODS OF INVESTIGATION
Specinmen perfiusion Fresh operative specimens were used in all cases, and were perfused in the operating suite immediately after surgical removal before postmortem clotting could prevent filling of the microvasculature.
The specimen was perfused with a 50% weight/ volume solution of barium sulphate (Micropaque), through an arterial cannula which had been introduced into one of the mesenteric arteries. The barium sulphate was infused manually using a 60 ml bladder syringe at a pressure of 60-18() mmHg. Perfusion was continued until contrast medium appeared in the efferent mesenteric veins at which point the infusion was considered complete. The arterial cannula was removed and the cut edges of the bowel and mesentery oversewn to prevent leakage of the contrast. In order to check that arterial and venous filling had occurred, a survey angiogram of the specimens was taken using the bowel wall were taken. These were obtained from each specimen at measured intervals throughout its length so as to obtain at least five blocks from each specimen. The tissue blocks were routinely processed.
Histopathology
Five micrometre sections were cut from each block and stained with haemotoxylin and eosin and Elastic van Geison. These sections were studied histopathologically so that the appearances could be compared with the microradiographic features from the same block. Microradiography A 400 .tm section was cut from the remainder of each block. These sections were Sellotaped to the piece of thin card which was of the same dimensions as Industrex (Kodak) radiograph film. The card was placed in direct contact with the radiograph film.
Using a cabinet radiograph system (Fatxitron), a radiograph of the section was taken at 10 Kvp with an exposure time of 7-5 minutes. After development, the microradiographs obtained were studied under appropriate magnification using a microfiche projector and standard microscope.
Fluorescent radiograph analysis Small samples of tissue (2x2 cm) were obtained from areas immediately adjacent to the points at which the blocks for histopathological and microradiographic examination were taken. At least five samples from each specimen were studied. Each sample was dissected into a preparation consisting of mucosa-submucosa and a preparation comprising muscularis propria in order to estimate barium concentration and hence fractional microvascular volume in the whole sample and each bowel wall layer by fluorescent radiograph analysis." The samples were stored in sealed plastic bags containing cotton wool balls moistened with formalin in order to avoid the possibility of leaching out of barium by formalin. Each sample of whole bowel, muscularis propria and mucosa-submucosa was exposed to 140 Kev y rays. The induced barium fluorescence was measured at 47 Kev. The 90°scatter from the sample at 140 Kev, which is a measure of tissue volume, was also recorded. The ratio of the number of counts obtained at 47 Kev to those obtained at 140 Kev for any given sample of whole bowel wall, muscularis propria or mucosa-submucosa was used as a measure of barium concentration.
Results

MICRORADIOGRAPHY
Normal bowel
In the small and large bowel, vascular density was most pronounced in the mucosal and submucosal regions (Fig. 2) . The large tortuous vessels in the submucosa gave rise to the smaller vessels which supplied the mucosa and muscle layer. The vessels in the muscularis propria formed a loose network of freely anastomosing vessels. In the colon, the mucosal capillaries were closely packed together and regularly arranged. Vessels appeared completely filled and uniform perfusion with contrast medium was always observed in all layers of the bowel wall. Variations in the luminal diameter of vessels were infrequent.
Ulcerative colitis and Crohn's disease In diffuse Crohn's disease of the colon and in ulcerative colitis microvascular anatomy was closely related to the severity of the inflammatory response. In the early stages of these diseases, vascular pattern was normal. The appearances of the mucosa and submucosa in severe Crohn's disease of the colon and fulminating ulcerative colitis were similar, and consisted of apparent hypervascularity and severe disorganisation of vascular architecture. These microvascular changes were associated with inflammatory disruption of the mucosal and submucosal layers of the bowel wall. Vascular pattern in the muscularis propria remained normal in ulcerative colitis but displayed localised areas of increased vascularity in Crohn's disease where deep ulceration and transmural inflammation were present (Fig. 3) was greater than 20% in only two specimens. The coefficient of variation was 11-6% for ulcerative colitis, 14-6% for diffuse Crohn's disease of the colon, 14-9% for segmental Crohn's disease of the terminal ileum and colon and 11-4% for histologically normal bowel from Crohn's disease specimens. These results showed that the within specimen variation was small and that mean barium concentration for an individual patient was estimated to a high level of precision. Hence, subsequent analysis was based on the mean values which were compared statistically using analysis of variance and linear regression techniques where appropriate.
Group comparisons and correlations Normal bowel
There were no statistically significant differences in the mean barium concentration of the whole sample, muscularis propria and mucosa-submucosa between terminal ileum and at various sites in the colon ( propria and 2.565+±0726% in the mucosasubmucosa ( Table 2) . A highly significant negative correlation between barium concentration and age was present in the whole sample (r=-0-.669;) p<0.001) (Fig. 5) , the muscularis propria (r=-0608; p<0.001) and the mucosa-submucosa (r=-0 669; p<0)001).
Ulcerative colitis and Crohn 's disease There were no statistically significant differences in the mean barium concentrations of the whole sample, muscularis propria or mucosa-submucosa between ulcerative colitis, diffuse Crohn's disease of the colon, the control group and histologically normal bowel from Crohn's disease specimens (Table 2 ). There were no statistically significant correlations between barium concentration in the whole sample, muscularis propria or mucosasubmucosa and age in ulcerative colitis, diffuse Crohn's disease of the colon and histologically normal bowel from Crohn's disease specimens.
In segmental Crohn's disease there was a statistically significant reduction in mean barium concentration of the whole sample and the mucosa-submucosa when compared with any of the other groups (Table  2) . By contrast, mean barium concentration in the muscularis propria did not differ significantly from that in the muscularis propria of the other groups. Statistically significant negative correlations between barium concentration in the whole sample (r=-0-698; p=0.017) (Fig. 6 ) the muscularis propria (r=-0-744; p=0)005), and the mucosa submucosa (r=-0 835; p=0001) and age were observed in segmental Crohn's disease.
Discussion
It is clear from other workers7-9 and from the present study that perfusion of the intestinal microvasculature with barium sulphate suspension achieves a high degree of vascular filling. The use of fresh postoperative specimens before postmortem clotting could prevent filling of the vessels and the injection of Micropaque of small particle size and low viscosity provided a safeguard against significant underperfusion in the present study. Some authors7 9 have noted variations in perfusion at different points in the same specimen but this was not seen in our study because of the immediate perfusion technique. 
